C3 Q j-r t3-o 




P53-REGULATED GENES 



TECHNICAI. FIELD OF THE INVENTION 

The invention relates to the area of gene regulation, in particular the area of 
regulation of genes involved in tumorigenesis. 
BACKGROUND OF THE INVENTION 

P53 is the name of a human tumor suppressor gene and its protein product. 
About 55 percent of all human cancers from many cell or tissue types suffer mutations 
in both alleles of the p53 gene. People who have inherited such mutations, will 
develop cancer over their Kfetimes. 

The p53 protdn is a transcription factor, which regulates the expression of a 
large number of genes. IBgh levels of an aaive wild type p53 protein in a cell cause 
these genes to be transcribed at a high rate. Elucidation of the functions of some of 
these "p53-regulated or -inducible genes" informs the art of how the p53 protein 
protects humans from cancers. 

ThCTC is a need in the art to discover p53-inducible genes and their functions, 
so that we may have a chance to circumvent the effects of p53 mutations in cancer, by 
activating the p53-inducible genes and repressing the p53-repressible genes, so as to 
arrest the cancor's growth. Thus, the duddation of sudi p53-regulated genes provides 
usefiil and valuable information. 
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STTMMARY OF TVTR INVENTION 

In one embodiment, a method is provided for diagnosing cancer or for 
determining p53 status in a sample suspected of being neoplastic. The level of 
expression of an RNA transcript or its translation product in a first sample of a first 
tissue is compared to the level of expression of the transcript or translation product in 
a second sample of a second tissue. The first tissue is suspected of being neoplastic 
and the second tissue is a normal human tissue. The first and second tissue are of the 
same tissue type. The transcript is a transcript of a gene selected fi-om tiie group 
consisting of gene numbers 1-8, 10, 12, 14-58. 60-68, and 70-100, as shown in Figure 
1. The first sample is categorized as neoplastic or as having a mutant p53 when 
expression is found to be the same or lower in the first sample than in tiie second 
sample. 

According to another embo^ent a method is provided for diagnosing cancer 
or for determining p53 status in a sample suspected of being neoplastic. The level of 
expression of an KNA transcript or its translation product in a first sample of a first 
tissue is con^ared to tiie level of repression of the transcript or translation product in 
a second sample of a second tissue. The first tissue is suspected of being neoplastic 
and the second tissue is a nonnal human tissue. The first and second tissue are of the 
same tissue type. The transcript is a transcript of a gene selected fi-om tiie group 
consisting of gene numbers 7-24, and 26-100 as shown in Figure 2. The first sample 
is categorized as neoplastic or as having a mutant p53 when expression is found to be 
the same or higher in the first sample than in the second sample. 

Another aspect of the invention is a method of diagnosing cancer or 
determining p53 status in a sample suspected of being neoplastic. The level of 
expression of at least one RNA ti^nscript or its translation product in a first sample of 
a first tissue is compared to the level of expression of the tiwscripts or translation 
products in a second sample of a second tissue. The first tissue is suspected of being 
neoplastic and ti»e second tissue is a nonnal human tissue. The first and second tissue 
are of the same tissue type. The first group of RNA transcripts consists of transcripts 
of genes selected fi-om the group of genes numbered 1-8, 10, 12, 14-58, 60-68, and 
70-100 as shown in Figure 1. The second group of RNA transcripts consists of 



transcripts of geSelected from the group consisting of genes numbered 7-24, and 
25-100 as shown in Figure 2. The first sample is categorized as neoplastic or as having 
a mutant p53 when expression of at least one of the first group of RNA transcripts or 
translation products is found to be the same or lower in the first sample than in the 
5 second sample, and expression of at least one of the second group of transcripts or 
translation products is found to be the same or higher in the first sample than in the 
second sample. 

According to another aspect of the invention a method is provided for 
evaluating carcinogenicity of an agent. A test agent is contacted with a human ceU. 

10 The level of expression of at least one transcript or its translation product is determined 
in the human ceU after contacting with the agent. The transcript is of a gene selected 
from the group consisting of genes numbered 1-8, 10, 12. 14-58, 60-68. and 70-100 
in Figure 1 and genes numbered 7-24, and 26-100 in Figure 2. An agent which 
decreases the level of expression of agene identified inFigure 1, or an agent which 

15 increases the level of expression of a gene identified in Figure 2 is identified as a 

potential carcinogen. 

Another aspect of the invention is directed to a method of treating cancer in 
a patient. A polynucleotide is administered to cancer cells of a patient. The 
polynucleotide comprises a coding sequence of a gene selected from the group 
20 consisting of genes numbered 1-8, 10. 12, 14-58, 60-68, and 70-100 inFigure 1. The 
cancer cells of the patient haibor a mutant p53 gene. As a result of the administration, 
the g«ie is expressed in cells of the cancer. 

Yet another aspect of the invention is directed to a method of treating cancer 
in a patient. An antisense construct comprising at least 12 nucleotides of a coding 
25 sequence of a gene selected from the group consisting of genes numbered 7-24, and 

26-100 in Figure 2 is administered to cancer ceUs of a patient. The coding sequence 
is in 3* to 5' orientation with respect to a promoter which controls its expression. The 
cancer cells haibor a mutant p53 gene. As a result of the administratioii. an antisense 
RNA is expressed in cells of the cancer. 
30 According to still another aspect of the invention a method is provided of 

screening for drugs usefiil in the treatment of cancer. A cell which hari>ors a p53 
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mutation is contacted with a test substance. Expression of a transcnpt or its translation 
product is monitored. The transcript is of a gene selected from the group consisting 
of genes numbered 1-8, 10. 12, 14-58, 60-68, and 70-100 in Figure 1 and genes 
numbered 7-24, and 26-100 in Figure 2. A test substance is identified as a potential 
drug for treating cancer if it increases expression of a gene as shown in Figure 1 or 
decreases expression of a gene as shown in Figure 2. 

Another aspect of the invention is a method of screening for drugs useful in the 
treatment of cancer. A tumor ceU which overexpresses MDM2 is contacted with a test 
substance. Expression of a transcript or its translation product is monitored. The 
transcript is of a gene selected from the group consisting of genes numbered 1-8, 10, 
12, 14-58, 60-68, and 70-100 in Figure 1 and genes numbered 7-24, and 26-100 in 
Figure 2. A test substance is identified as a potential drug for treating cancer if it 
increases expression of a gene as shown in Figure 1 or decreases expression of a gene 

as shown in Figure 2. 

Yet another aspect of the invention provides a set of at least two nucleotide 
probes which hybridize to a set of p53-regulated genes. The genes are selected from 
the group consisting of genes numbered 1-8, 10, 12, 14-58, 60-68, and 70-100 in 
Figure 1 and genes numbered 7-24, and 26-100 in Figure 2. 

These and other embodiments of the invention provide the art with methods for 
diagnosis, treatment and drug discovery for cancers. In addition, it provides a 
convenient and rapid cardnogemdty test. 
jmKF DESCRTPTTON OF TWF BTtAWINGS 

Figure 1 is a Table showing genes induced by p53. The column headings are as 
follows. "Ebl" denotes the ceU line EBl-« , i.e.. a ceU line which contains a zinc- 
indudble p53 gene. "EB" denotes the cell line EBl, a ceU line which has a p53 mutant 
gene that Ms to produce or express detectable p53 protein. "PM" denotes the number 
of perfect match oUgonucleotides for a gene which hybridized and "MM" denotes the 
number of mismatch oligonucleotides for a gene which hybridized. "Ratio" is the ratio 
of intensity of EBl-a to EBl. "Accession number" refers to a GenBank accession 
number. "EST?" if checked indicates that the function of the nucleic acid sequence has 
not been determined. "SAGE?" if checked indicates that analysis using the SAGE 



technique also detected this gene as p5T-regulated. See 
http://welchlink.welch.jhu.edu/~molgen-g/P53-SAGE.HTM. 

Figure 2 is a Table showing genes repressed by p53. Column headings are the same 
as in Figure 1. 

It is a discovery of the present inventors that p53 regulates a whole host of 
genes, increasing and decreasmg expression of their mRNA and protein products, 
niese genes have not previously been identified as p53 regulated. In some cases the 
biological functions of the genes is unknown. However, the now-estabUshed 
regulation by p53 indicates that the genes are involved in progression and arrest of the 
cell <^cle. 

A sampling of 6800 human genes were tested for the efifects of p53 expression 
on their expression. Suchamassh^escreeningpermitstheidentificationof many genes 
which were heretofore not known to be p53 regulated. 

CSenetic status of p53 alleles (mutant or wild-type) has been shown to correlate 
weU with a neoplastic state. Thus diagnosis can be provided based on the status of p53 
alleles of cells. ThelevdofexpressionofanRNA transcript or its translation product 
can be determined using any techniques known in the art. Specific oUgonucleotide 
probes for the relevant genes can be used in hybridization experiments, as is known in 
the art. Any hybridization format for determining specific RNA levels can be used, 
including but not limited to Northern blots, slot blots, dot blots, and hybridization to 
oBgonucleotide arrays. Specificity ofhybridization can be assessed by varying degrees 
of stringency of the hybridization conditions. In addition, comparison of mismatch to 
perfect match oligonucleotide probes can be used to determine specificity of binding. 
To assess specific translation product (protein) expression levels, antibodies specific 
for the protein can be used readily. Again, any format known in the art for measuring 
specific protein levels can be used, including sandwich assays, ELISAs, 
immunopredpitations, and Western blots. Any of monoclonal antibodies, polyclonal 
antibodies, single chain antibodies, and antibody fi-agments may be used in such assays. 
Specificity of immunologic reactions can be assessed using competitor antibodies or 



proteins, as weU fl^varying the inununoreaction conditions. Monitoring expression 
product levels involves determining amounts of a specific expression product. 
Amounts determined need not be absolute amounts, but may be relative amounts 
determmed under different conditions, for example, in the presence and absence of a 
test compound. 

Probes according to the present invention may be labeled or unlabeled, tethered 
to another substance or in solution, synthetically made or isolated fi-om nature. Probes 
can be nucleic adds, either RNA or DNA, which contain naturally occurring nucleotide 
bases or modified bases. The probes may contain normal nucleotide bonds or peptide 
bonds. OUgonucleotide probes may be of any length which provides meaningfiil 
specificity of hybridization. Thus probes may be as small as 10 nucleotides, and 
prefeiablytheyarebetweenl2and30nucleotidesinlength. However, ohgonucleotide 
probes may be significantly longer, in the range of 30 to 100 nucleotides, 100 toSOO 
nucleotides or 500 to 2000 nucleotides. Probes may be attached to polymers, eitiier 
sohible or non-soluble. Probes may be attached or bonded to soUd substrates such as 
filters, sheets, diips, slides, and beads. 

High density arrays are particulariy usefiil for monitoring the expression 
contiolattiietranscriptional,RNAprocessinganddegradationlevel. Thefebrication 
and appUcation of high density arrays in gene expression monitoring have been 
disdosed previously in. for example, WO 97/10365, WO 92/10588. U.S. AppUcation 
Ser. No. 08/772.376 filed December 23, 1996; serial number 08/529.115 filed on 
September 15, 1995; serial number 08/168,904 filed December 15, 1993; serial number 
07/624.114 filed onDecember 6. 1990. serial number 07/362.901 filed June 7. 1990, 
all incorporated herein for all purposed by reference. In some embodiments using high 
density arrays, high denshy oUgonudeotide arrays are synthesized using metiiods sudi 
as the Very Large Scale Immobilized Polymer Syntiiesis (VLSIPS) disclosed in U.S. 
Pat. No. 5,445,934 incorporated herein for all purposes by reference. Each 
oligonucleotide occupies a known location on a substrate. A nucleic acid target 
sample is hybridized witii a high density array of oUgonudeotides and tiien tiie amount 
of target nucleic adds hybridized to each probe in tiie array is quantified. One 
preferred quantifying method is to use confocal microscope and fluorescent labels. 




The GeneChip*^em (Affymetrix, Santa Clara, CA) is particularly suitable for 
quantifying the hybridization; however, it will be apparent to those of skiU in the art 
that any sinular systems or other efifectively equivalent detection methods can also be 
used. 

Tissue samples which can be tested according to the present invention are any 
which are derived from a patient, whether human, other domestic animal, or veterinary 
animal. Vertebrate animals are preferred, such as mice, humans, horses, cows, dogs, 
and cats, although any organism for which p53 status can be determined may be used. 
The form of the samples may be any which are routinely used in the art for determining 
the amounts of specific proteins or mRNA molecules. The samples may be fixed or 
unfixed, homogenized, lysed, cryopreserved. etc. It is most desirable that matched 
tissue samples be used as controls. Thus, for example, a suspected colorectal cancer 
tissue vwll be compared to a normal colorectal epithelial tissue. 

Figures 1 and 2 below show genes which are induced by p53 and repressed by 
p53, respectively. Genes which are identified with a check in the column headed 
"SAGE" are those which are beUeved to be previously identified as p53-regulated. 
Genes which are not chedced are beUeved to be previously unknown as p53-regulated 
genes. Genes numbered 1-8, 10, 12, 14-58, 60-68, and 70-100 in Figure 1. and genes 
numbered 7-24, and 26-100 in Figure 2, are beUeved to be such previously unknown 

pS3-regulated goies. 

While assaying expression of any single one of the genes identified as p53- 
r^ulated may be usefiil for diagnosis and assays, it may be desirable to use larger sets 
to confirm the global ceUular effects observed. In this regard, it may be desirable to 
assay for at least 2, 5, 10, 20. 30, 32, 50, 70, or 77 genes of one or botii categories of 
regulation. It may be usefiil to use botii induced and repressed genes to get such a 
global snapshot of gene regulation. 

In a particularly preferred embodiment, oligonucleotide probes for KNA 
transcripts are attached to soUd supports. Such supports are preferably arrays where 
nudeic add molecules are attached to tiie substrate in predetermined positions. In one 
particular embodiment, tiie nuddc add molecules are synthesized on the substrate. In 



another embodi^^ the nucleic acid molecules are appUe^^ the solid support after 
synthesis or isolation. 

Test samples for mRNA are typically harvested from the tissue samples and 
may be used directly or processed as follows. The sample mRNA is reverse 
transcribed using reverse transcriptase to form cDNA. A promoter is ligated to the 
cDNA at its 5', 3', or both ends. (5' and 3' refer to orientation on the coding strand of 
DNA.) If two promoters are used on one cDNA they can be the same or diflFerent. 
The cDNA is then used as a template to transcribe in vitro to form test mRNA The 
test KNA can then be used to hybridize to nucleic acid molecules or probes, preferably 
on a solid support, more preferably on an oligonucleotide array. These processing 
steps are well known in the art. 

The regulated genes discovered here can form the basis of a carcinogenicity 
test. Test agaits are evahiated to see if their effects on human cells numic the effects 
of loss of p53. Thus the agents are in essence being evaluated for the abiUty to induce 
a p53 mutation, or a mutation in another gene winch is in the same regulatory pathway, 
or a non-genetic eflEect which numics p53 loss. Test agents which are found to have 
at least some of the same constellation of effects as p53 loss on the regulation of the 
genes identified herein to be p53-regulated, are identified as potential carcinogens. 
Any single gene identified can be used, as can at least 2, 5, 10, 20, 30, 32, 40, 50, 70, 
90, 100, 125, or 145 of the genes identified herein. 

The goies identified herein as p53-induced can be delivered therapeutically to 
cancer cells. Antisense constructs of the genes identified herein as p53-repressed can 
be deUvered therapeutically to cancer ceUs. The goal of such therapy is to retard the 
growth rate of the canca- cdls. Ejq>resaon of the s«ise molecules and their translation 
products or expression of the antisense mRNA molecules has the effect of inhibiting 
the growth rate of canco- cdls or indudng apoptosis (a radical reduction in the growth 
rate of a cell). Sense nucldc add molecules are preferably delivered in constructs 
wherein a promoter is operatively linked to the coding sequence at the 5'-end and 
initiates transcription of the coding sequence. Anti-sense constructs contain a 
promoter operatively linked to the coding sequence at the 3'-end such that upon 
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initiation of transcription at the promoter an RNA molecule is transcribed which is the 
complementary strand from the native mRNA molecule of the gene. 

DeUveiy of nucleic acid molecules can be accompUshed by many means known 
in the art. Gene delivery vehicles (GDVs) are avaflable for deUvery of polynucleotides 
5 to cells, tissue, or to a the mammal for expression. For example, a polynucleotide 

sequence of the invention can be administered either locally or systemically in a GDV. 
These constructs can utilize viral or non-viral vector approaches in in vivo or ex vivo 
modality. Expression of such coding sequence can be induced using endogenous 
mammalian or heterologous promoters. Expression of the coding sequence in vivo 
^, 10 canbedtherconsthutiveorregulated. The invention includes gene delivery vehicles 
S capable of expressing the contemplated polynucleotides. The gene delivery vehicle 

5i is preferably a viral vector and, more preferably, a retroviral, adenoviral, 

i adeno-assodated viral (AAV), herpes viral, or alphavirus vectors. The viral vector 

fii canalsobeanastrovims,coronavirus, orthomyxovirus, papovavirus, paramyxovirus, 

7 15 parvovirus, picomavirus, poxvirus, togavirps viral vector. See generaUy, JoUy, 
S Cancer Gene Therapy 1:51-64 (1994); Kimura, Human Gene Therapy 5:845-852 

g (1994), Connelly, Human Gene Therapy 6:185-193 (1995), and Kaplitt, Nature 

Genetics 6:148-153 (1994). 

Ddivety of the gene therapy constructs of this invention into cells is not limited 
20 to the above mentioned viral vectors. Other deUvery methods and media may be 
employed such as, for example, nucleic acid expression vectors, polycationic 
condensed DNA linked or unlinked to killed adenovirus alone, for example see Curiel, . 
Hum Gene Ther 3:147-154 (1992) lig^ind linked DNA, for example, see Wu, J. Biol. 
Chem. 264:16985-16987 (1989), eucaiyotic ceU delivery vehicles ceUs, for example 
25 see U.S. SerialNo. 08/240,030, ffled May 9, 1994. and U.S. Serial No. 08/404,796, 

deposition of photopolymerized hydrogel materials, hand-held gene transfer particle 
gun, as described in U.S. Patent No. 5,149,655, ionizing radiation as described in U.S. 
Patent No. 5.206,152 and in PCT Patent PubUcation No. WO 92/11033, nucleic 
charge neutralization or fusion with cell membranes. Additional approaches are 
30 described in Philip, Mol. Cell. Biol. 14:2411-2418 (1994) and in Wofifendin, Proc. 

Natl. Acad. Sci. 91:1581-585 (1994). Particle mediated gene transfer may be 
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employed, for see U.S. provisional application No^023,867. Briefly, the 

sequence can be inserted into conventional vectors that contain conventional control 
sequences for high level expression, and then be incubated with synthetic gene transfer 
molecules such as polymeric DNA-binding cations Uke polylysine, protamine, and 
albumin, linked to ceU targeting Ugands such as asialoorosomucoid, as described in 
Wu and Wu, J. Biol. Chem. 262:4429-4432 (1987), insulin as described in Hucked, 
Biochem. Pharmacol. 40:253-263 (1990), galactose as described in Plank, 
Bioconjugate Chem 3:533-539 (1992). lactose or transferrin. Naked DNA may also 
be employed. Exemplary naked DNA introduction methods are described in PCT 
Patent Publication No. WO 90/11092 and U.S. Patent No. 5,580,859. Uptake 
efficiency may be improved using biodegradable latex beads. DNA coated latex 
beads are efficiently transported into cells afler endocytosis initiation by the beads. 
The method may be improved fiirther by treatment of the beads to increase 
hydrophobidty and thereby facilitate disruption of the endosome and release of the 
DNA into the cytoplasm. Liposomes that can act as gene deUveiy vehicles are 
descrfljed inU.S. Patent No. 5,422,120, PCT Patent PubUcation Nos. WO 95/13796, 
WO 94/23697, and WO 91/144445, and EP No. 524,968. 

Drugs useful in the treatment of cancer can be screened and identified using the 
p53-regulated genes disclosed herein. CeUs of two types can be contacted with test 
substances. The cells may not cany a wild-type p53 allele or the ceUs may overexpress 
the MDM2 gene product. MDM2 sequesters wild-type p53. Therefore MDM2- 
overexpressing cells mimic cells which are genetically deficient for p53. Expression 
of one or more of the p53-regulated genes of the present invention is monitored in the 
presence of the test substance. A test substance which mimics one or more of the 
regulatory eflfects of p53 on the p53-regulated genes is a potential therapeutic agent 
for treating cancer. Such agents can be subsequentiy tested in any number of other 
assays to determine their ultimate usefiihiess as a drug. 

Sets of at least two oUgonucleotide probes are provided. Preferably tiie probes 
are exclusively perfectiy matched probes to tiie genes. However, mismatch probes 
having less Han 5% mismatched nucleotides can be used. The probes hybridize to the 
p53-regulated genes disclosed herein in Figures 1 and 2. Particularly usefiil genes are 
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those numbered Ts, 10, 12. 14-58, 60-68, and 70-100 in Figure 1. and those 
numbered 7-24, and 26-100 in Figure 2. It is preferred that all of the oligonucleotide 
probes hybridize to p53-regulated genes, although it is permissible to have probes for 
other genes present which are not p53 regulated. Preferably the probes for other genes 
comprise less than 50% of the probes, and more preferably comprise less than 25%, 
15%, 10%, 5%, 2%, or 1%. The sets of p53 regulated genes may comprise at least 
five, ten, fifteen, twenty, twenty-five, thirty, fifty, seventy-five, 100, or 140 
oligonucleotide probes p53-regulated genes, as disclosed herein. The probes may be 
attached to a polymer, soluble or insoluble, naturally occurring or synthetic. The 
probes may be attached to a soUd support, in a gel matrix, or in solution. The probes 
may be individually packaged and contained within a single container, or may be nuxed 
in one or more mixtures. Preferably the probes are arrayed on a soUd support. 

The above disclosure generaUy describes the present invention. A more 
complete understanding can be obtained by reference to the foUowing specific 
examples which are provided herein for purposes of illustration only, and are not 
intended to limit the scope of the invention. The foUowing metiiods were used in the 
^camples reported below. 

Eb-1 cdls wCTe derived fi-om a human colon carcinoma and these cdls have a 
p53 mutant gene that fiuls to produce or express detectable p53 protein. A p53 wild- 
type gene was inserted into these ceUs under the regulation of a metaUothionein (MT) 
promoter. In the presence of zinc, this promoter expresses the p53 gene but in the 
absence (or low levels) of zinc, litUe or no p53 mRNA or protein are produced. Thus, 
p53 mRNA and protein are zinc-indudble and the p53-regulated genes are similarly 
induced by the addition of zinc. The Eb-1 ceUs (original ceU line) without a p53 
inducible wild-type gene are called Eb-1 and Eb-1 ceUs witii the MT-j)53 inducible 
gene are termed Eb-1 (a). 
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Eb-1 cells and Eb-1 (alpha) cells were grown in culture and either left untreated 
or exposed to zinc. Four hours and ten hours after the addition of zinc, these cells 
were harvested for analysis. 

The messenger KNA was extracted from these cells and purified. An oligo-dT 
primer was used to produce a reverse transcriptase copy of the mRNA and then, an 
oligonucleotide linker was ligated to the end of the cDNA where the linker has a T-7 
promoter sequence incorporated into it. All of the cDNAs were cloned into vectors, 
which were then employed to make mRNA copies in vitro using the T-7 KNA 
polymerase and fluorescent biotinylated nucleotides. The RNA products were 
hydrolyzed to an average size of 50 nucleotides in length. 

The hydrolyzed KNA was hybridized to a chip that contains 
deoxyoligonucleotide sequence (25 in length) that derive from a database of 6,800 
known genes or EST sequences. There is a 20-fold redundancy for each gene or EST 
sequence and for each perfect sequence match, a mismatched sequence (one base 
different in the middle of the sequence of 25 nucleotides). 

After a short hybridization, that measures the rate (amount) of fluorescent 
probe hybridized to each set of 20 oUgonucIeotide sequences, the chips are washed and 
read by a digital confocal microscope to quantitate the intensity of the fluorescent 
readout. Gene expression or mKNA concentration is measured by changes in the 
fluorescent readout for probe pairs. The specificity of the measurements is given by 
the ratio of hybridization to a perfect sequence matched probe compared with the 
hybridization to a nusmatched probe. 

For this experiment a control was run; Eb-1 ceUs treated or untreated with zinc. 
Hwe no p53 cDNA was present so the only variable was the exposure of the cells to 
zinc. Out of all the genes or sequences tested in these ceUs (6,800), only six changed 
their gene expression patterns in response to added zinc and five (1-5) of these six 
gaies are undo- the control of zinc and cadnuum indudble promoters. This wcperiment 
serves as an excellent control for the p53 regulation of genes. 
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For the expCTiment, Eb-1 (a) cells were treated with zinc or left untreated and 
at four or ten hours, the cells were harvested. RNA was prepared and processed as 
described above. The hybridization to the 6,800 different oligonucleotide sequences 
on the chip (each cDNA had a twenty-fold sequence redundancy covering different 
sequences in the cDNA) was carried out and the analysis of the data was done by an 
algorithm. The following criteria were employed to accept a gene as p53-inducible or 
repressed by p53 : (1) the relative intensity of the mRNA hybridization level of an 
induced gene or a decrease witii a repressed gene, was above 160 relative units; this 
has been shown to be a reproducible level with minimal statistical fluctuations; (2) the 
fraction of probe pairs (matched hybridized and mismatch not hybridized) had to be 
0.85 or greater (17 out of 20 perfect matches); (3) the ratio of induction by p53 or 
repression by p53. when comparing ceUular RNA from Eb-1 zinc-induced cells, was 
five-fold or greater. Thus, only genes whose mKNA levels increased five-fold or 
decreased five-fold from a high baseline are reported by this analysis. 

Of 6,800 cDNAs detectable on tiie chip, 70 genes were induced by p53 and 77 
were repressed by p53. Once again, there were excellent positive conti-ols in tiiis 
experiment. The known p53 inducible genes such as p21-WAF-l, IGF-BP-3, MDM-2, 
GAD-45, as well as some recentiy reported 53 inducible genes (PIGS) were detected 
by this chip hybridization. Similariy, a repressed gene, MAP-4 previously reported in 
the literature was repressed after p53 induction in Eb-l(a) cells as detected in this 
experiment. 

Figure 1 Usts tiie genes which are induced by p53 and Figure 2 Usts the genes 
which are repressed by p53. 
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